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METHOD FOR QUANTIFYING A RATIO BETWEEN AT LEAST TWO 
NUCLEIC ACID SEQUENCES 



CROSS-REFERENCE TO RELATED APPLICATION 
[0001] This application claims the benefit, under 35 U.S.C. § 119(e), of U.S. 
Provisional Patent Application Serial No. 60/425,055, filed on November 8, 2002, the contents 
of the entirety of which is incorporated by this reference. 

TECHNICAL FIELD 

[0002] The invention relates generally to biotechnology, and more particularly to the 
field of molecular biology. 

BACKGROUND 

[0003] Detection of nucleic acid is a valuable tool for many biological and medical 
applications, such as diagnostics. For instance, the presence of a pathogen in an individual can 
be demonstrated by the detection of foreign, pathogenic nucleic acid in a sample derived from 
the individual. With such a method, it can often be estimated whether a pathogen is present and, 
if so, which pathogen is involved. It is often sufficient to qualitatively determine the presence of 
a certain (pathogenic) nucleic acid sequence. However, in other applications, the amount of 
nucleic acid should be estimated. For instance, the amount of mitochondrial DNA in a cell is 
indicative for the number of mitochondria present in the cell. If an amount of mitochondrial 
DNA in a cell declines over time, it indicates a decrease of mitochondria and a decrease of 
metabolic activity of the cell. As another example, the amount of an mRNA sequence in a cell is 
indicative for the level of transcription of the corresponding gene in the cell. A (sudden) change 
in such level of transcription is indicative for a changed status of an organism, for instance the 
onset of a disease. 

[0004] As we have disclosed in PCT International Publication WO 0246470, 
(mal)fiinctioning of a cellular organism can be determined by determining a ratio, also called a 
"relative ratio," of a first endosymbiont cellular organelle nucleic acid and/or gene product 
thereof in a sample obtained from the organism in relation to the amount of a second nucleic acid 
and/or gene product thereof. By a "(relative) ratio" is meant the amount of the first 
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endosymbiont cellular organelle nucleic acid and/or gene product thereof in relation to the 
amount of the second nucleic acid and/or gene product thereof. The ratio can, for instance, be 
determined by (among other things) dividing the amount of the first nucleic acid or gene product 
thereof by the amount of the second nucleic acid or gene product thereof, or vice versa. The 
amount of one or both compounds can also be divided by, or substracted from, a reference value. 
By "determining functioning of a cellular organism" is meant herein determining whether the 
cellular organism is in its natural healthy state, or whether the organism is somehow affected, for 
instance by a disease and/or a (toxic) compound. The disease and/or (toxic) compound may 
affect the organism to such extent that clinical symptoms are present. Alternatively, the disease 
or (toxic) compound may have an influence upon the organism while clinical symptoms are not 
(yet) manifested. 

[0005] Endosymbiont cellular organelles are those organelles of a eukaryotic cell that 
are thought to have been derived from prokaryotic bacteria very early on in the evolution of 
eukaryotic cells. These bacteria (it is thought) have engaged in a symbiosis with early eukaryotic 
cells, and, at present, eukaryotic cells comprising these endosymbiont organelles in general 
cannot live without them. None of the present eukaryotic cells would function properly without 
mitochondria, and most plant cells would at least considered to be malfunctioning if no 
proplastids, or organelles derived thereof, such as chloroplasts, etioplasts, amyloplasts, 
elaioplasts or chromoplasts were present. These organelles in general appear to be at least 
partially self-replicating bodies which, although under some nuclear control, still possess 
considerable autonomy. 

[0006] A "ratio of nucleic acids" can be determined by measuring the amount of 
nucleic acids present in a sample, usually after at least one processing step, like, for instance, 
amplification of target nucleic acid. After the amounts have been measured, the ratio can be 
determined by dividing one amount by another. 

[0007] Minute amounts of target nucleic acid can be detected and quantified by using 
enzymatic amplification. Examples of enzymatic amplification techniques include PCR, 1 
NASBA, 2 SDA and TMA. Specific amplification of a target nucleic acid sequence can be 
achieved by adding primer sequences to a reaction. An amplified region can be detected at the 
end of an amplification reaction by a probe that is specific for the amplified region. 
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Alternatively, an amplified region can be detected during generation of the amplified nucleic 
acid in the amplification reaction. 3 In the latter protocol, a signal of a label attached to a probe 
can become detectable after the probe has hybridized to a complementary nucleic acid. 
Examples of such probes that enable real-time homogenous detection in amplification reactions 
are TaqMan 3 and Molecular Beacon probes. 4 ' 5 

[0008] As used herein, "nucleic acid," "nucleic acid sequence" and "nucleic acid 
molecule" are used interchangeably. 

[0009] Quantification of a target nucleic acid sequence is commonly accomplished by 
adding a competitor molecule, which is amplified using the same primers and which contains 
sequences that allow discrimination between competitor and target nucleic acid sequenced 6 The 
ratio between amplified competitor and target nucleic acid sequence can be used to quantify the 
target nucleic acid sequence. Detection of competitor or target nucleic acid sequence can, for 
instance, be achieved at the end of the amplification reaction by a probe that is specific for the 
amplified region of competitor or target nucleic acid sequence or during generation of the 
amplified nucleic acid in the amplification reaction. In the latter protocol, a signal of a label 
attached to a probe can become detectable after the probe has interacted with a complementary 
target nucleic acid and when the target has exceeded a threshold level; the time or cycle number 
to positivity. In other methods for quantification, the time to positivity can be used for 
quantification without addition of a competitor. 7 

[0010] Hence, in order to determine a ratio of nucleic acid target sequences, the target 
sequences are mostly amplified. A more precise result can be obtained using the methods 
disclosed in PCT International Publication WO 0246470 wherein target nucleic acid sequences 
are amplified simultaneously in a single amplification reaction, preferably in one reaction vessel 
or tube. This is called "multiplexing of amplification reactions," or "a multiplex amplification 
reaction." By this approach, double spreading in the result due to variation in multiple 
independent quantitative amplifications is, at least in part, avoided. Generally, double spreading 
in the result of independent amplification reactions is obtained due to varieties in conditions in 
different reaction mixtures. For instance, the temperature of the reaction mixture of nucleic 
acid 1 may be slightly higher than the temperature of the reaction mixture of nucleic acid 2. This 
may result in a higher yield of nucleic acid 1 and, hence, in a higher ratio of the amount of 
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nucleic acid 1 versus nucleic acid 2 than would have been measured if the temperature of 
reaction mixture 1 had been exactly the same as the temperature of reaction mixture 2. Because 
of the temperature difference in the reaction mixtures, the determined ratio is not exactly the 
same as the real ratio of the two nucleic acids present in the initial sample. Likewise, minute 
variations in other conditions like for instance the amount of enzyme added can lead to variations 
in the determined amounts of nucleic acids 1 and 2. Thus, the measured amounts of nucleic 
acids 1 and 2 may vary independently from each other. Independent variations in the determined 
amounts may result in an even larger variation in the calculated ratio of the measured amounts. 
This is called the "double spreading" in the result. Thus, by "double spreading" is meant herein 
at least one variation in an obtained result, due to a variety of at least one reaction condition in at 
least two reaction mixtures. For instance, also the total amount of volume may differ slightly 
between two reaction mixtures. 

[0011] WO 02/46470 provides a solution to double spreading of results when two or 
more nucleic acid target sequences are amplified. The number of variables is greatly reduced in 
a multiplex amplification reaction and more accurate and robust data can be obtained. The initial 
ratio of at least two nucleic acids is presently determined by measuring distinguishable signals 
generated during or after an amplification reaction. In the art, multiplex amplification reactions 
are mainly used for qualitatively detecting the presence of a nucleic acid in a sample. 

[0012] It is often desired that very small differences in nucleic acid ratios can be 
measured. Measuring small differences in nucleic acid ratios is, for instance, desired for 
diagnostic purposes, because in living organisms the amounts of nucleic acids are tightly 
regulated and even small alterations can involve huge biological consequences. To obtain a 
diagnosis of the status of an individual, samples taken from the individual at different time points 
can for instance be investigated for a ratio of mitochondrial DNA versus nuclear DNA. Small 
alterations of the amount of mitochondrial DNA should be detectable. If such ratio declines 
slightly over time, for instance by 20%, it indicates that 20% less mitochondria are present. 20% 
less mitochondria can already involve very severe biological consequences. As another example, 
if an individual undergoes treatment against a disease, a 20% decline of the presence of 
(mitochondrial) DNA and/or mRNA is indicative for severe side effects. Therefore, very small 
changes in ratio should preferably be measurable. With current methods, it is however not 
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always easy to obtain the required sensitivity of discrimination. Especially if nucleic acid is 
amplified, which is often necessary to obtain a measurable amount, it is not always easy to 
measure small differences in initial nucleic acid ratios. This is due to many factors which 
influence the obtained amount of nucleic acid during amplification. Therefore, preferably 
significant differences between different nucleic acids are currently measured. Moreover, a ratio 
of nucleic acids after amplification often does not always precisely reflect an initial ratio of the 
nucleic acids. This is due to differences in amplification rates of different nucleic acids. For 
instance, a short stretch of nucleic acid is often amplified faster than a second, longer stretch. 
Because of such problems, it is not always easy with current methods to quantify small 
differences between nucleic acid ratios. For example, the results of two assessments of HIV- 1 
viral load that differ by 0.3 log (factor 2) are currently considered to be equivalent results. 

DISCLOSURE OF THE INVENTION 
[0013] The present invention provides an improved method for quantifying an initial 
ratio of the amounts of at least two nucleic acids in a sample. With a method according to the 
invention, small differences between ratios can be determined. Moreover, the invention allows 
for direct measurement of the initial ratio during and/or after amplification of the nucleic acids. 
No internal calibrators are needed during amplification. This allows for rapid automatic 
screening of large amounts of samples. A method of the invention, involving direct 
measurement of initial nucleic acid ratios, can be combined with high throughput automated 
practical handling. 

[0014] The invention provides a method for quantifying an initial ratio of the amounts 
of at least two nucleic acids of interest in a sample by means of a multiplex nucleic acid 
amplification reaction, comprising amplifying the nucleic acids of interest in the amplification 
reaction; measuring the amount of at least two nucleic acids of interest at at least two different 
time points in the reaction; determining from at least two of the measurements the amplification 
rate of the at least two nucleic acids of interest; comparing the rates with a reference; and 
determining from the comparison the initial ratio of the amounts of the at least two nucleic acids 
of interest in the sample. 
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[0015] By "an initial ratio of the amounts of at least two nucleic acids in a sample" is 
meant herein the initial amount of a first nucleic acid in the sample in relation to the initial 
amount of at least a second nucleic acid in the sample. An initial amount of a nucleic acid in a 
sample is the amount of the nucleic acid in the sample before the nucleic acid has been 
significantly amplified. The initial amount is preferably essentially equal to the amount of 
nucleic acid which is present in the sample when the sample is obtained. As used herein, the 
terms "a ratio of the amounts of nucleic acids" and "a nucleic acid ratio" are equivalent. 

[0016] Surprisingly, with a method of the invention small alterations in nucleic acid 
ratios can be measured. Accurate, reliable measurements of small differences of nucleic acid 
ratios have now become possible. This is very important in order to detect biologically 
significant changes at an early time point. A method of the invention would not have been 
expected to be suitable for accurate quantification of small nucleic acid ratio differences because 
a method of the invention comprises amplification of nucleic acid. As generally thought in the 
art, the results of nucleic acid amplification vary to some extent due to many factors, such as the 
amount of enzyme/nucleotides/nucleic acid present, temperature, incubation time, salt 
concentration, (tissue) origin of a sample, etc. Therefore methods including nucleic acid 
amplification were not always thought to be suitable for quantification of small differences of 
nucleic acid ratios. The attempts made in the art to multiplex two or more quantitative 
amplification reactions into one reaction vessel or tube have therefore often been limited to 
co-amplify independent quantitative amplifications into one reaction vessel or tube, each 
quantitative amplification with its own internal calibrator. This approach has been applied to 
both PCR 13 and NASBA 14 amplifications. Such methods are, however, not a direct measurement 
of an initial ratio between two or more independent nucleic acid target sequences but instead are 
independent quantitative co-amplifications that may have different efficiencies and warrant 
extremely complex application of internal calibrators for each nucleic acid target sequence. 
Therefore, it was not always easy to measure small differences of nucleic acid ratios. However, 
a method of the present invention provides accurate results for small differences in nucleic acid 
ratios. Amplification rates are now directly connected to an initial ratio of amounts of nucleic 
acid. 
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[0017] An initial ratio of nucleic acids can also be determined if nucleic acids are 
present in largely differing amounts. With a method of the invention an initial ratio of the 
amounts of nucleic acids can be measured within a dynamic range of 3-4 orders of magnitude. 
This means that even if the amount of one nucleic acid exceeds the amount of another nucleic 
acid with 3-4 orders of magnitude, the ratio between them can be determined. This is for 
instance important if a ratio between organelle, or pathogen, nucleic acid is determined in 
relation to abundant nuclear nucleic acid. If it were not possible to measure a ratio of strongly 
differing amounts of nucleic acids, small amounts of (important) nucleic acid would sometimes 
not be detected. 

[0018] According to the invention, the rates of amplification of nucleic acids are 
indicative for the original ratio of the amounts of the nucleic acids. This is also the case if a first 
nucleic acid initially present in a lower amount is amplified faster than a second nucleic acid. 
This can occur due to many different factors, such as the length of the nucleic acids. After 
amplification, a higher amount of the first nucleic acid may be present, although the original 
amount was lower. This sometimes used to be a drawback for quantification by means of 
amplification, especially by means of multiplex amplification, in the art. However, with a 
method of the present invention this is no problem, since amplification rates are measured, not 
the generated amount of amplified nucleic acid. 

[0019] An amplification rate of a nucleic acid can be determined after a detection level 
of the nucleic acid has been reached. By a "detection level of a nucleic acid 55 is meant the 
minimal amount of the nucleic acid which is required for detection of the nucleic acid with a 
particular detection method. It will be clear that a detection level is dependent on the detection 
method used. 

[0020] Furthermore, an amplification rate of a nucleic acid is preferably determined 
before an amplification limit and/or detection limit of the nucleic acid is reached. By an 
"amplification limit of a nucleic acid" is meant the maximal amount of the nucleic acid which 
can be generated during an amplification reaction. Factors which limit the generation of nucleic 
acid comprise the amount of nucleotides present. If no more nucleotides are present, no nucleic 
acid can be generated anymore. By a "detection limit 5 ' is meant the maximal amount of 
generated nucleic acid which can be detected. For instance, if generated nucleic acid is detected 
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with a probe capable of hybridizing to such nucleic acid, the amount of probe can limit the 
amount of nucleic acid that can be detected. If no more probe is available, the amplification 
reaction may continue but newly generated nucleic acid cannot be detected anymore. 

[0021] An amplification rate of a nucleic acid can be determined by measuring the 
amount of the nucleic acid at two time points after detection level has been reached and before 
an amplification limit and/or detection limit has been reached, and determining the slope 
between the two obtained values. Preferably, however, the amount of nucleic acid is measured at 
least three time points. The slope between the at least two plotted values can be determined by 
suitable methods known in the art. For instance, a graph can be generated with at least two 
values, with the X-axis representing time and the Y-axis representing the amount of nucleic acid 
detected. Subsequently, the slope of a curve essentially connecting the values can be 
determined. Of course, with current computational techniques, the graph does not have to be 
physically generated. A slope between a certain set of values can be computed directly, for 
instance using a computer. In the art, many alternative methods for determining a slope between 
a certain set of values are known. Such methods can be used in a method of the present 
invention. 

[0022] Usually, in an amplification reaction, nucleic acid is firstly linearly amplified 
where after nucleic acid tends to be non-linearly amplified just before an amplification limit is 
reached. The same holds true for detection which also increases non-linearly just prior to 
reaching the detection limit. The amplification rate is preferably determined during linear 
increase in amplification and detection of a nucleic acid. In a preferred embodiment a method of 
the invention is therefore provided wherein the time points are chosen within a time interval 
wherein the amount of detected nucleic acid is linearly increased in time. By linearly increased 
is meant that the amount of nucleic acid is essentially equally increased within time intervals of 
the same length. 

[0023] In terms of the invention, an amplification rate of a nucleic acid means the 
amount of nucleic acid generated during a certain time interval. The amplification rate is for 
instance expressed as the increase of nucleic acid per second. 

[0024] Once the amplification rates of at least two nucleic acids of interest are 
determined, the rates are compared with a reference. The reference can be generated by 



performing a method of the invention with different, known, amounts of nucleic acids. Of 
course, the same kind of nucleic acids as the kind of nucleic acids which are to be quantified by a 
method of the invention, are preferably used for generation of a reference. Preferably a reference 
curve is generated, for instance as shown in the examples. Reference curves are preferably 
generated using multiplex amplification reactions comprising the nucleic acids at varying initial 
ratios. More preferably, the varying initial ratios comprise essentially the same initial ratio 
which is expected to be measured in a sample. According to one embodiment, a reference curve 
is made using nucleic acids from the same kind of cell(s) as the cells wherein the nucleic acids 
which are to be quantified are present. Preferably, the nucleic acids are of the same kind as the 
kind of nucleic acids which are to be quantified. 

[0025] After a reference has been generated, a sample can be submitted to a method of 
the invention. The amplification rates of nucleic acids of interest are compared to the reference. 
From such comparison, the initial ratio of the amounts of the nucleic acids of interest in the 
sample can be determined. This can also be performed if a ratio of amplified nucleic acid has 
not remained the same as the original ratio of the nucleic acids. If a first nucleic acid is 
amplified faster than a second nucleic acid, this will also be reflected in the reference values of 
the nucleic acids. 

[0026] An even more precise result can be obtained if differences in amplification 
efficiency between different nucleic acid target sequences are taken into account. In particular in 
real-time monitored multiplex amplification reactions an increase of distinguishable signals is 
the result of a competition of multiple nucleic acid target sequences for the amplification 
reagents in a single reaction, and/or a single vessel or tube, where they are amplified. Many 
factors influence the amplification efficiency of the nucleic acids to a different extent. Factors 
which have been found to influence amplification efficiency of a nucleic acid are for example: 
the properties of the nucleic acid sequence (for instance the GC content and the length of the 
nucleic acid molecule), modifications of the nucleic acid (for instance methylation), and the 
secondary and tertiary structure of the nucleic acid. Since amplification of each nucleic acid is 
influenced by such factors to a different extent, the amounts of amplified nucleic acids often do 
not precisely reflect the initial amounts of the nucleic acids. Therefore, in current methods in the 
art the amount of each nucleic acid is often deduced from internal standards. After the amount of 
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amplified nucleic acids has been deduced, a ratio between the amounts is determined. However, 
in a method of the invention, amplification rates are determined instead of the amount of 
amplified nucleic acid. Internal standards for determining the amount of amplified nucleic acid 
are therefore not needed in a method of the invention. 

[0027] If, however, a first nucleic acid is amplified much more efficiently as compared 
to a second nucleic acid, there is a risk of the first nucleic acid "overgrowing" the other. In such 
case, there may be a risk of the second nucleic acid not reaching a detectable amount in time, or 
sometimes even not at all. If the second nucleic acid does not reach a detectable amount at all, 
the original ratio of the amounts of nucleic acids may not be determined. It is also possible that a 
second nucleic acid only reaches detection level when an amplification limit or detection limit or 
the non-linear phase thereof of a first nucleic acid has already been reached. 

[0028] Significant differences in amplification rate are often observed between DNA 
and RNA amplifications. There are many reasons for this, such as among other things the huge 
difference in structure between DNA and RNA and the need of different kind of enzymes. 
However, also when amplification reactions are performed with DNA only, or RNA only, 
differences in amplification efficiency often exist. Therefore, in a preferred embodiment a 
method of the invention is provided wherein at least one variable factor in the nucleic acid 
amplification reaction is adjusted in order to allow detectable levels of all nucleic acids of 
interest to be reached before an amplification and/or detection limit or the non-linear phase 
thereof of one or more of the nucleic acids of interest is reached. In order to "compensate" for a 
fast-amplifying nucleic acid, preferably a variable factor is adjusted which affects an 
amplification efficiency of one nucleic acid of interest to a different extent as compared to 
another nucleic acid of interest. For instance, a variable factor can be adjusted which mainly 
affects the amplification efficiency of a nucleic acid which is normally slowly amplified. The 
amplification efficiency is preferably enhanced. It is of course also possible to adjust a variable 
factor which mainly affects (preferably decreases) the amplification efficiency of a nucleic acid 
which is normally rapidly amplified. 

[0029] Many variable factors can be adjusted in order to affect the amplification rate of 
at least one nucleic acid. For instance, the length of the amplicons can be adjusted. Preferably, 
however, at least one primer and/or probe is adjusted. For instance, a primer/probe sequence can 
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be adjusted in order to allow a nucleic acid to be more efficiently amplified/detected. The length 
of a primer or probe can also be varied. In one embodiment of the invention the variable factor 
comprises the concentration of at least one primer. Surprisingly, it has been found by the present 
inventors that the concentration of primer influences nucleic acid amplification rates to a 
considerable extent, although nucleic acid amplification reactions mostly contain an excess of 
primer. Apparently, variations in the concentration of primers, even if primers are present in 
excess, have a considerable effect. Preferably, the concentration of at least one primer is 
significantly different from the concentration of at least one other primer. With significantly 
different is meant that the difference between the concentrations is greater than differences due 
to normal spreading, for instance due to (manual) handling of reagents. Preferably, the 
concentrations are different to such extent that an amplification efficiency of one nucleic acid of 
interest is affected to a different extent as compared to another nucleic acid of interest. 
Preferably the concentration of at least one set of primers capable of annealing to a nucleic acid 
of interest is adjusted. By a set of primers is meant a set comprising a forward primer capable of 
annealing to a certain nucleic acid, and a backward primer capable of annealing to the 
complementary strand of the same (kind of) nucleic acid. More preferably, the concentration of 
at least one set of primers capable of annealing to a nucleic acid of interest is significantly 
different from the concentration of at least one other set of primers capable of annealing to a 
nucleic acid of interest. In the examples is shown that nucleic acid amplification efficiency is 
strongly influenced when different amounts of primer sets are used. The amount of primer sets 
can for instance be adjusted such that at least one nucleic acid is optimally amplified. 

[0030] In another embodiment of the invention, the variable factor comprises the 
concentration of salt. Surprisingly, it has been found by the present inventors that varieties in 
salt concentration affect the amplification efficiencies of different nucleic acids in different 
ways. Hence, by varying a salt concentration, the amplification rate of a specific nucleic acid of 
interest can be influenced. 

[0031] With a method of the invention it is possible to influence an amplification rate 
of a nucleic acid which is normally slowly amplified to such extent that the nucleic acid reaches 
a detectable level before other nucleic acids have reached their amplification and/or detection 
limit. The amplification rate of such nucleic acid which is normally slowly amplified can be 
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enhanced. It is also possible to decrease an amplification efficiency of at least one nucleic acid 
that is normally rapidly amplified. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] FIG. 1. Fluorescence in time of ROX (chromosomal DNA, grey lines) and 
FAM (mitochondrial DNA, black lines) fluorescent signal using different ratios of mitochondrial 
DNA to chromosomal DNA as input. In the lower panel the linear relation between the ratio of 
signal and the ratio of DNA' s is shown. 

[0033] FIG. 2. Fluorescence in time of FAM (chromosomal DNA, grey lines) and 
ROX (mitochondrial RNA, black lines) fluorescent signal using different concentrations of 
primers. Left two panels were performed with 0.4 mitochondrial RNA primers and 0.05 pM 
chromosomal DNA primers. The right two panels were performed with 0.2 mitochondrial 
RNA primers and 0.2 jxM chromosomal DNA primers. 

[0034] FIG. 3. Fluorescence in time of FAM (chromosomal DNA, grey lines) and 
ROX (mitochondrial RNA, black lines) fluorescent signal using different concentrations of 
primers. Top two panels were performed with 0.4 |iM mitochondrial RNA primers and 0.2 jxM 
chromosomal DNA primers. The bottom two panels were performed with 0.3 (xM mitochondrial 
RNA primers and 0.2 |iM chromosomal DNA primers. 

[0035] FIG. 4. Fluorescence in time of FAM (chromosomal DNA, black lines) and 
ROX (TIE-1 mRNA, gray lines) fluorescent signal using different concentrations of primers. 
Left panels were performed with 0.4 |iM TIE-1 mRNA primers and 0.1 ^iM chromosomal DNA 
primers. The right panels were performed with 0.6 jiM TIE-1 mRNA primers and 0.1 |iM 
chromosomal DNA primers. The amount of TIE-1 in vitro generated RNA and plasmid 
containing the chromosomal DNA target are given in each panel at the bottom of that panel. NT 
means no template. 

[0036] FIG. 5. Fluorescence in time of FAM (chromosomal DNA, black lines) and 
ROX (Siglec-1 mRNA, gray lines) fluorescent signal using different concentrations of primers. 
Left panels were performed with 0.6 \iM Siglec-1 mRNA primers and 0.1 \M chromosomal 
DNA primers. The right panels were performed with 0.4 ^iM Siglec-1 mRNA primers and 0.1 
^iM chromosomal DNA primers. The amount of Siglec-1 in vitro generated RNA and plasmid 
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containing the chromosomal DNA target are given in each panel at the bottom of that panel. NT 
means no template. 

[0037] FIG. 6. Two calibration curves of increasing ratios of mitochondrial RNA and 
chromosomal DNA at 70 mM KC1 (left panel) and 90 mM KC1 (right panel) in the amplification 
reaction. 

[0038] FIG. 7. Ratio of mitochondrial RNA to chromosomal DNA in a healthy 
individual measured in an amplification with 70 mM KC1 (left panel) or 90 mM KC1 (right 
panel) in the amplification reaction. 

DETAILED DESCRIPTION OF THE INVENTION 
[0039] Preferably, a method of the invention is used for quantifying an initial ratio of 
the amounts of at least two independent nucleic acid sequences. By independent nucleic acid 
sequences is meant herein that the sequences are amplified using different primers. No internal 
calibrators, using the same primers as the nucleic acids of interest, are needed for a method of the 
invention. In another preferred embodiment, at least one of the nucleic acids of interest 
comprises RNA. Especially the amount of mRNA is indicative for the rate of transcription of a 
certain gene and, hence, for (transcriptional) activity of a cell. In yet another preferred 
embodiment, at least one of the nucleic acids of interest comprises DNA. As shown in the 
examples, also a ratio of the amounts of a mixture of DNA and RNA can be accurately 
quantified using a method of the invention. 

[0040] In one preferred embodiment, a method of the invention is provided wherein the 
multiplex amplification reaction comprises an amplification reaction wherein nucleic acid is 
amplified continuously, such as NASBA. An amplification reaction wherein nucleic acid is 
amplified continuously is preferred, because it has been found that continuously amplifying 
nucleic acid is particularly suited for measurements of an amplification rate of the nucleic acid. 
With continuously amplifying nucleic acid, the amount of amplified nucleic acid per time 
interval is indicative for the amplification rate of the nucleic acid. In amplification reactions 
which make use of multiple cycles, such as PCR, nucleic acid is not amplified continuously. The 
time per cycle (i.e. the amount of time for each cycle) has to be chosen carefully. If a nucleic 
acid of interest is amplified more slowly than the time per cycle, it is not wholly amplified yet 
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when another cycle starts. To avoid the risk of nucleic acid not being wholly amplified during a 
cycle, the time per cycle necessarily has to be relatively long. In that case, most - or all - nucleic 
acids of interest will be amplified faster than the time per cycle. Amplified nucleic acid then has 
to "wait" until a new cycle is started. In a cycle-based amplification reaction the amount of 
amplified nucleic acid per time interval does therefore not only reflect the rate of amplification 
of the nucleic acid. It also reflects intervals between cycles wherein no nucleic acid is amplified. 
Hence, for a method of the invention, a nucleic acid amplification reaction wherein nucleic acid 
is amplified continuously, such as NASBA, is preferred. 

[0041] A method of the present invention is suitable for determining (mal)functioning 
of a cellular organism. As disclosed in our PCT International Publication WO 0246470, 
(mal)functioning of a cellular organism can be measured by determining the ratio of the amount 
of a first endosymbiont cellular organelle nucleic acid and/or gene product thereof in a sample 
obtained from the organism in relation to the amount of a second nucleic acid and/or gene 
product thereof. The gene product may comprise mRNA. The ratio of the amount of a first 
endosymbiont cellular organelle nucleic acid and/or gene product thereof in relation to the 
amount of a second nucleic acid and/or gene product thereof can be accurately determined with a 
method of the present invention. Therefore, in one embodiment a method of the invention is 
provided wherein at least one of the nucleic acids of interest comprises an endosymbiont cellular 
organelle nucleic acid. 

[0042] (Mal)fimctioning of a cellular organism can also be measured by determining a 
ratio of non-endosymbiont nucleic acids. For instance, a ratio between the amount of mRNA 
and the amount of its corresponding gene is indicative for (transcriptional) activity within a cell. 
A changing ratio of the amount of a gene and its corresponding mRNA is indicative for an 
altering status of a cellular organism. The invention thus provides a method for determining 
functioning of a cellular organism comprising determining the ratio of the amount of a first 
nucleic acid in relation to the amount of a second nucleic acid in a sample obtained from the 
organism, wherein the ratio is quantified with a method according to the invention. In one 
embodiment, the first nucleic acid comprises endosymbiont nucleic acid. Preferably, the ratio of 
the amount of a first endosymbiont cellular organelle nucleic acid is determined in relation to the 
amount of nuclear nucleic acid detectable in the sample. Small alterations in the amount of 
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endosymbiont nucleic acid can be detected if a ratio between the endosymbiont nucleic acid and 
nuclear nucleic acid is determined. 

[0043] Alterations of a ratio of cellular nucleic acids can be indicative for the onset, or 
development, of a disease. The staging of a disease can also be determined. For instance, 
samples from an individual suffering from a disease can be taken regularly. If a disease involves 
reduction of a certain nucleic acid, the samples can be investigated for the ratio of the amount of 
the nucleic acid in relation to a (preferably relatively constant) amount of another nucleic acid. 
If the ratio declines over time, it is indicative for a further development of the disease. If the 
ratio increases at a later time point, it is indicative for recovery of the patient. Hence, the stage 
of a disease can be determined. The invention therefore provides a method for determining the 
staging of a disease, comprising determining the ratio of the amount of a first cellular organelle 
nucleic acid in a sample obtained from an organism suffering from or at risk of suffering from 
the disease in relation to the amount of a second nucleic acid, wherein the ratio is quantified with 
a method of the invention. In one embodiment, the first nucleic acid comprises an endosymbiont 
cellular organelle nucleic acid, since endosymbiont cellular organelle nucleic acid is often 
affected when an individual is diseased. The second nucleic acid preferably comprises nuclear 
nucleic acid, such as for instance a small nuclear ribonucleoprotein nucleic acid, because of its 
ubiquitous presence. Preferably, the disease involves an HIV-related disease, a tumor-related 
disease, and/or an angiogenic process. After HIV-infection, an individual often has no clinical 
symptoms for a significant period. The same is true for the first stage of a growing tumor, or for 
the first stage from the onset of an angiogenic process. Such angiogenic process is often 
involved with diseases such as a tumor-related disease, and/or cardiovascular disease. During a 
first stage of such diseases, the patient is often unaware of it. However, early diagnosis is 
important for optimal treatment. In such cases, a method of the invention can be used, since a 
nucleic acid ratio in a cell is often already altered in an early stage of the disease, although no 
clinical symptoms may be present yet. 

[0044] A method of the invention for staging of a disease can be used for (early) 
diagnosis. For instance, people can be routinely tested by a method of the invention within 
certain time intervals. Alternatively, people can be tested at the moment that they have some 
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clinical symptoms. An alteration in a certain nucleic acid ratio is indicative for a certain degree 
of disease. The kind of such disease need not be diagnosed by a method of the invention. 

[0045] In one embodiment, a method of the invention for determining the staging of a 
disease is provided, wherein the first nucleic acid and the second nucleic acid comprise cellular 
DNA and RNA. More preferably, the RNA comprises mRNA derived from the DNA. This 
way, the level of transcription and/or translation can be determined. An alteration of a level of 
transcription and/or translation, as compared to the natural level of transcription and/or 
translation, is indicative for an altered functioning of an organism. The altered functioning may 
be malfunctioning of the organism, because of a disease and/or because of side effects of a 
certain treatment. The malfunctioning may for instance comprise a decreased level of 
transcription. Alternatively, the altered functioning may be an improved functioning of the 
organism, for instance during treatment and/or curing of a disease. 

[0046] The malfunctioning may as well comprise an increased level of transcription. A 
disease, or a treatment of a disease, may involve decrement of the amount of cellular DNA. 
However, the decrement can at least in part be compensated by an increase in transcription of the 
DNA, at least in the first stage of the disease. This way, the amount of RNA derived from the 
cellular DNA may not be decreased at all, or relatively less decreased as compared to the amount 
of the DNA. Symptomatic side effects of the disease or treatment may then not be (fully) sensed 
yet. However, upon further decrement of the amount of the DNA, the amount of RNA derived 
from the DNA will eventually also drop significantly. Side effects can then occur. 
Conventionally, upon manifestation of side effects, a disease is treated or a treatment is reduced 
or stopped. However, in this conventional way, a patient already suffers from the side effect(s). 
With a method of the invention, however, side effect(s) involving clinical symptoms can be 
predicted. For instance, an altered level of transcription and/or translation of cellular nucleic 
acid are indicative for altered functioning of a cellular organism, for instance malfunctioning of 
the organism involving (future) side effects. An alteration of a ratio of a first cellular DNA 
and/or gene product thereof in relation to the amount of a second cellular nucleic acid or gene 
product thereof is also indicative for altered functioning of a cellular organism. 

[0047] Other possible uses of the invention lay in candidate drug testing, for beneficial 
activity and/or side effects of possible medicaments or pharmaceutical compositions such as 
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candidate anti-parasitic compounds, antibiotic compounds, cytostatic compounds, and so on. For 
example, the invention provides a method for determining therapeutic activity and/or possible 
side effects of a candidate compound, for example in determining its usefulness for treatment of 
malfunctioning of a cellular organism, comprising determining the ratio of the amount of a first 
nucleic acid, preferably an endosymbiont cellular organelle nucleic acid, in a sample obtained 
from the organism in relation to the amount of a second nucleic acid with a method of the 
invention. The second nucleic acid preferably comprises a cellular nucleic acid such as a small 
nuclear ribonucleoprotein nucleic acid, because of its ubiquitous presence. Preferably the 
organism or an essentially related organism, such as belonging to the same species or genus, has 
been provided with the compound. If the ratio is altered after the candidate compound is 
administered to the organism, this indicates therapeutic activity and/or side effects involved with 
the compound when administered to the organism. Additionally, this also indicates therapeutic 
activity and/or side effects involved with the compound in an essentially related organism. 
Therefore, for determining therapeutic activity and/or side effects of a candidate compound for 
treatment of malfunctioning of a cellular organism, it is not necessary to use exactly the same 
organism in a method of the invention. An essentially related organism can also be used. 

[0048] In another aspect, the invention provides a method for determining therapeutic 
activity and/or possible side effects of a medicament comprising determining the ratio of the 
amount of a first nucleic acid, preferably an endosymbiont cellular organelle nucleic acid, in a 
sample obtained from an organism in relation to the amount of a second nucleic acid with a 
method of the invention. The second nucleic acid preferably comprises a cellular nucleic acid. 
Preferably the organism has been provided with the medicament. 

[0049] In terms of the invention, "therapeutic activity" means the capability of at least 
in part treating a disease. By a side effect of a compound is meant herein another effect than the 
purpose of the compound. The side effect may be an unwanted effect. For instance, a 
therapeutic compound may counteract a disease and simultaneously reduce the metabolism of an 
organism. The reduction of the metabolism is then referred to as a (negative) side effect. 
Alternatively, a side effect of a compound may be a beneficial effect, like for instance immunity 
against yet another disease. 
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[0050] In one embodiment of the invention, the therapeutic activity comprises a 
therapeutic activity against an HIV-related disease and/or a tumor-related disease. The 
medicament may for instance comprise a cytostaticum, optionally combined with other therapy 
such as antiretroviral therapy. According to the ATHENA-study in the Netherlands, forty 
percent of the patients undergoing an antiretroviral therapy need to change antiretroviral therapy 
because of adverse side effects. Therefore, a method of the invention is very much desired 
during such therapies, because the method can detect side effects before (severe) clinical 
symptoms are essentially present. The therapy can then already be stopped and/or changed 
before the clinical effects are essentially present. In that case the clinical symptoms may not, or 
to a lesser extent, become present. This will prevent a lot of suffering. Thus, in a preferred 
aspect a method of the invention is provided wherein the side effects are not essentially 
manifested at the moment that the method is performed. In terms of the invention, by ? not 
essentially manifested' is meant that a side effect is not (yet), or only partly, manifested by 
clinical symptoms. 

[0051] In one aspect a method of the invention is provided wherein the compound or 
medicament comprises a cytostaticum. Commonly used cytostatica for instance comprise 
alkylating compounds, antimitotoxic cytostatica, antitumor antibiotica, and topo-isomerase 
inhibitors. Non-limiting examples thereof comprise chlrambucil, cyclophosphamide, 
estramustine, ifosamide, melfalanthiotepabusulfan, treosulfancarmustne, lomustinecisplatine, 
carboplatin, oxaliplatinedacarbazine, vincristine, procarbazine, temozolomide, vinblastine, 
vindesinedocetaxel, paclitaxeldaunorubicine, doxorubicin, epirubicine, idarubicin, 
mitoxanthronbleomycin, dactinomycin, mitomycineirinotecan, cladribin, topotecanetoposide, 
teniposide amsacrine, asparaginase, hydroxycarbamide, pentostatine methotrexate and/or 
raltitrexed. 

[0052] During antiretroviral treatment, and/or treatment of tumour-related disease, a 
nucleoside and/or nucleotide analogue is often used. These analogues involve a high risk of side 
effects, because they interfere with replication and/or transcription processes in an organism. 
The amount of endosymbiont cellular organelle nucleic acid is then often altered as well. 
Therefore, a method of the invention is very suitable when an organism is treated with a 
medicament involving nucleoside and/or nucleotide analogues. 
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[0053] In one aspect the invention provides a method of the invention wherein the 
compound or medicament comprises a nucleoside and/or nucleotide analogue. Non-limiting 
examples of such analogues are fludarabine, mercaptopurine, thioguanine, cytarabine, 
fluorouracil, and/or gemcytabine. In another aspect a method of the invention is provided 
wherein the compound or medicament comprises AZT, ddl, ddC, d4T, 3TC, tenofovir and/or 
abacavir. In a method of the invention, the organism or an essentially related organism has 
preferably been provided with the compound or medicament. 

[0054] In yet another embodiment of the invention, the therapeutic activity comprises a 
therapeutic activity against a process involved in the generation, maintenance and/or breakdown 
of blood vessels (angiogenic process or angiogenesis). Angiogenesis is an indicator for different 
aspects. For instance, an increased level of angiogenesis indicates the presence of tumor cells. 
Tumor cells are dependent on the growth of new blood vessels to maintain expansion of tumor 
mass. On the one hand, blood vessels are required to carry nutrients to the site of the tumor, 
whereas on the other hand waste material needs to be transported from the tumor. Therefore, 
tumors can be indirectly treated with anti-angiogenesis drugs. 

[0055] In one embodiment a method of the invention for determining therapeutic 
activity and/or possible side effects of a candidate compound or medicament is provided, 
wherein the compound or medicament comprises at least one of the following anti-angiogenic 
drugs: 2ME2, ngiostatin, Angiozyme, Anti-VEGF RhuMAb, Apra (CT-2584), Avicine, Benefin, 
BMS275291, Carboxyamidotriazole, CC4047, CC5013, CC7085, CDC801, CGP-41251 (PKC 
412), CM 101, Combretastatin A-4 Prodrug, EMD 121974, Endostatin, Flavopiridol, Genistein 
(GCP), Green Tea Extract, IM-862, ImmTher, Interferon alpha, Interleukin-12, Iressa (ZD 1839), 
Marimastat, Metastat (Col-3), Neovastat, Octreotide, Paclitaxel, Penicillamine, Photofrin, 
Photopoint, PI-88, Prinomastat (AG-3340), PTK787 (ZK22584), R03 17453, Solimastat, 
Squalamine, SU 101, SU 5416, SU-6668, Suradista (FCE 26644), Suramin (Metaret), 
Tetrathiomolybdate, Thalidomide, TNP-470, Vitaxin. However, the artisan can think of more 
drugs that can be used against angiogenesis. 

[0056] A method of the invention can also be used for (selective) toxin testing. For 
instance, toxic activity of an herbicide, an insecticide, an anti -parasitic compound and/or an 
antibiotic compound can be tested by determining whether such compound is capable of altering 
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a ratio of cellular nucleic acids in an organism. The invention thus provides a method for 
determining toxic activity of a candidate compound for causing malfunctioning of a cellular 
organism, comprising determining a ratio of the amount of a first nucleic acid in a sample 
obtained from an organism to an amount of a second nucleic acid with a method of the invention. 
Preferably the organism or related organism has been provided with the compound. The first 
nucleic acid preferably comprises an endosymbiont cellular organelle nucleic acid. The second 
nucleic acid preferably comprises a (ubiquitous) nuclear nucleic acid. With a method of the 
invention it is for instance possible to test a candidate compound for its capability of causing 
malfunctioning of a cellular organism, for example, by having a cytostatic or even cytotoxic 
effect. 

[0057] In a preferred embodiment, selectivity is also tested, using or applying a method 
as provided herein (preferably in parallel experiments) on or to a first organism. Preferably a 
method of the invention is further applied on or to an essentially unrelated second organism. The 
unrelated second organism preferably belongs to a different family or order. More preferably the 
unrelated second organism belongs to at least a different class or phylum, most preferably to a 
different kingdom of organisms. Selectivity aspects can for example be tested by testing a 
candidate compound in a first target organism, or only in cells of the first organism. The first 
organism may for instance be a bacterium or parasite. A host or cells thereof is tested as well. 
Such host is preferably an essentially unrelated second organism, for example a mammal or 
plant. As another possibility, activity of a candidate compound in a crop plant or cells thereof 
can be tested by a method of the invention as well as activity of the candidate compound in an 
essentially unrelated weed plant or cells thereof. This way, a compound can be found with 
selective toxic or selective therapeutic effects. If a candidate compound appears to be capable of 
causing malfunctioning of the weed plant, but not causing malfunctioning of the crop plant, the 
compound may be a potential herbicide. 

[0058] It is also possible to test normal cells derived from an individual in parallel or 
comparison with aberrant cells, such as tumour cells derived from the same individual. This way 
it is possible to detect or screen for a tumour-specific or at least selective cytostatic or cytotoxic 
compound. Such compound can be used in therapy of the individual or others with similar or 
related disease. 
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[0059] In one aspect, a method of the invention is provided wherein the first nucleic 
acid and the second nucleic acid are obtained from a peripheral blood mononuclear cell (PBMC) 
and/or a fibroblast. Especially the use of PBMCs is preferred because then a blood sample from 
an organism can be used. A blood sample is easy to obtain and relative large amounts are often 
available. Therefore, in a preferred embodiment a method of the invention is provided wherein 
the sample comprises a blood sample. 

[0060] Furthermore, the invention provides a diagnostic kit comprising at least one 
means for performing a method according to the invention. Preferably, the kit comprises at least 
one primer and/or probe set suitable for multiplex amplification and/or detection of nucleic acid 
related to or derived from endosymbiont cellular organelles and, when so desired, necessary 
amplification reagents, such as can be found exemplified in the detailed description herein or 
which are otherwise known in the art. In particular, the invention provides a diagnostic kit 
wherein the kit comprises more than one primer or probe set for amplification of nucleic acid 
sequences related to cellular organelles, preferably supplemented with a primer or probe set for 
the amplification of nucleic acid related to chromosomes, such as a snRNP specific primer or 
probe. In particular the invention provides a kit comprising at least one primer or probe from 
Table 1 for multiplex amplification of a nucleic acid sequence related to cellular organelles. In a 
preferred embodiment, a kit of the invention comprises a significantly different amount of at 
least one primer as compared to the amount of at least one other primer. Such kit is particularly 
suitable for performing a method of the invention wherein the concentration of primer is adjusted 
in order to allow detectable levels of all nucleic acids of interest to be reached before 
amplification and/or detection limit or the non-linear phase thereof of one or more of the nucleic 
acids of interest are reached. More preferably, a kit of the invention comprises a significantly 
different amount of at least one set of primers capable of annealing to a nucleic acid of interest as 
compared to the amount of at least one other set of primers capable of annealing to a nucleic acid 
of interest. Preferably, the differences in primer (set) amounts are chosen such that primer 
concentrations can be used that affect an amplification efficiency of one nucleic acid of interest 
to a different extent as compared to another nucleic acid of interest. Most preferably, the 
differences in amount allow for primer (set) concentrations that "compensate" for a 
fast-amplifying nucleic acid, for instance by enhancing amplification efficiency of a nucleic acid 
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which is normally slowly amplified, or by decreasing an amplification efficiency of a nucleic 
acid which is normally rapidly amplified. 

[0061] It is preferred that the amplification reagents, when provided with the kit, 
comprise an enzyme with reverse transcriptase activity, such as required for PCR or NASBA 
amplification. 

[0062] The invention furthermore provides a use of a compound obtainable or 
selectable by a method according to the invention in the preparation of a medicament, an 
herbicide, insecticide, anti-parasitic, cytostatic, etc. Preferably, the medicament comprises a 
medicament against an HIV-related disease, a tumor-related disease, and/or an angiogenic 
process. A medicament, herbicide, insecticide, anti-parasiticum etc. obtainable or selectable by a 
method of the invention is also herewith provided. 

[0063] The following examples are meant to more clarify and illustrate the present 
invention. They do not limit the scope of the invention in any way. Many alternative 
embodiments can be performed, which are within the scope of the present application. 

EXAMPLES 

INGREDIENTS AND GENERAL METHODOLOGY 
[0064] In Table 1, the primers and probes used in the examples are summarized. 
Standard NASBA nucleic acid amplification reactions were performed in a 20|il reaction volume 
and contained: 40mM Tris-pH 8.5, 70 to 90mM KC1, 12mM MgC12, 5mM dithiotreitol, ImM 
dNTP's (each), 2mM rNTP's (each), 375mM sorbitol, 0.105 [ig/\x\ bovine serum albumin, 6.4 
units AMV RT, 32 units T7 RNA polymerase, 0.08 units RNAse H, primers and probes in 
concentrations indicated at the specific examples and input nucleic acid. The amount of KC1 in 
the reactions is between 70mM and 90mM depending on the targets that are amplified. The 
complete mixture, except the enzymes, sorbitol and/or bovine serum albumin was, prior to 
adding the enzyme mixture, heated to 65°C for 3 minutes if RNA was amplified and heated to 
95°C for 3 minutes if RNA+DNA or DNA was amplified. After cooling the mixture to 41°C the 
enzymes were added. Enzymes are administered in the lid of small (200^1) Eppendorf tubes and 
after closing the lid maximally 96 tubes are spun simultaneously for a few seconds to mix the 
enzyme mix with the other reagents at the bottom of the tubes. After spinning the tubes were 
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placed back at 41°C and the reagents mixed again by tapping of the tubes. After 3 to 5 minutes 
at 41°C the tubes were spun again for a few seconds to collect all fluid at the bottom of the tubes 
and placed in a fluorimeter. The amplification took place at 41 °C for 90 min in the fluorimeter 
(Retina™ Reader, CytoFluor 4000) and the fluorescent signal was measured every minute (using 
filter sets specifically for fluorescein and 6-rhodamine). 

[0065] Cells (fibroblasts and PBMC's) were cultured under standard conditions in 
standard media known to persons skilled in the art with addition of drugs or putative toxic or 
stimulating compounds as defined in the examples. Nucleic acids were isolated from the cells 
with the method described by Boom et al. 16 or with dedicated isolation kits purchased from 
Qiagen (Qiagen GmbH, Max Volmer Strasse 4, 40724 Hilden, Germany) and used according to 
the manufacturer's protocols. The isolated nucleic acid was stored at -80°C until further 
analysis. Usually the nucleic acid was diluted 10 times with water and of the diluted nucleic acid 
usually 5 |il was used as input in the NASBA amplification reactions. 

Example 1 

[0066] Different ratios of mitochondrial and chromosomal DNA targets in plasmids 
were analyzed in this example: 2xl0 3 Ula DNA / 8xl0 3 Mt DNA, 2xl0 3 Ula DNA / 2xl0 4 Mt 
DNA, 2xl0 3 Ula DNA / 4xl0 4 Mt DNA, 2xl0 3 Ula DNA / 10 5 Mt DNA, 2xl0 3 Ula DNA / 
2xl0 5 Mt DNA molecules were included. A reaction mix was prepared as described under "used 
ingredients and general methodology' 5 above with the exception that 64 units T7 RNA 
polymerase and 9.6 units AMV RT were used and with the addition of 2 units restriction enzyme 
Msp I. The KC1 concentration used in this experiment was 90mM. 

[0067] The complete mixture with Msp I, except the amplification enzymes, sorbitol 
and bovine serum albumin was, prior to adding the enzyme mixture, incubated at 37°C for 12 
minutes to allow Msp I to cut the DNA and subsequently heated to 95°C for 3 minutes in order 
to denature the DNA and to allow the primers to anneal. After cooling the mixture to 41°C the 
amplification enzyme mixture was added 

[0068] The reaction mix (duplex-mix) contained two sets of primers and beacons: 
SnrpD pi and SnrpD p2 (first primer set, each 0.2 |aM), and MtD pi and MtD p2 (second primer 
set, each 0.3 ^M) with beacons SnrpD mb_2 (ROX-labeled) and MtD mb_2 (FAM-labeled) 
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(each 0.05 |iM). See table 1 for primer and probe sequences. Filter sets of the fluorimeter 
(Retina™ reader or CytoFluor 4000 or EasyQ analyzer) were adapted to simultaneously measure 
the FAM and the ROX-label (485/20 and 530/25 for FAM; 590/20 and 645/40 for ROX). In a 
duplex reaction with two competing amplifications, the ratio of the slope of the curves of 
fluorescence in time is proportional to the ratio of the amount of molecules of each amplified 
species. The results are shown in FIG. 1. The relation between the ratio of the slopes of FAM 
and ROX signal is linear to the ratio of mitochondrial DNA and chromosomal DNA in the input. 
This result can be used to generate a calibration curve and the number of mitochondrial DNA 
copies per cell can be calculated from this standard calibration curve. 

Example 2 

[0069] Two HIV-1 infected patients were treated with a cocktail of anti-viral drugs and 
their mitochondrial DNA in blood cells was measured as predictor of mitochondrial toxicity. 
Blood was drawn at week 0, 4, 8, 12, 16, 24, 36 and 48 weeks after the start of therapy. The 
blood was used to prepare peripheral blood mononuclear cells (PBMC) by Ficoll-Isopaque 
purification. PBMC were viably frozen in medium plus 5% DMSO and stored in liquid nitrogen 
or-150°C until use. 

[0070] Nucleic acids were extracted from 10 5 PBMC using the Boom method. 16 
Nucleic acids equivalent of 1,000 PBMC were used as input for the one-tube real-time 
duplex-NASBA that measures both mitochondrial and chromosomal DNA as described in 
Example 1. The reaction mix (duplex-mix) contained two sets of primers and beacons: SnrpD 
PI and SnrpD2 P2 (first primer set, each 0.2 |iM), and MtD pl_2 and MtD p2_2 (second primer 
set, each 0.2 ^M) with beacons SnrpD mb_2 (FAM-labeled) and MtD mb_2 (ROX-labeled) 
(each 0.05 ^M). See Table 1 for primer and probe sequences. The result of this assay is 
expressed as the mitochondrial DNA content per cell {i.e., PBMC) of the patient sample. The 
results are summarized in Table 2. 

[0071] The analysis of the duplicate measurements clearly show the reproducibility and 
accuracy of the duplex test determining the ratio between mitochondrial DNA and chromosomal 
DNA as a result of optimization of the primer sequences and concentrations in the multiplex 
amplification reactions. In comparison to Example 1, in Example 2 other primers were used for 
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the amplification allowing a more even use of primer concentration, but at the same time 
allowing the measurement of rations of more than 400. This is achieved by an imbalance in the 
efficiency, favoring the chromosomal DNA so that ratio of 400 times more mitochondrial DNA 
does not compete away the amplification of the chromosomal DNA. The method of the 
invention avoids the use of internal calibrators and/or separate quantifications of the nucleic acid 
target sequences and thereby contributes to the design of high throughput tests. 

Example 3 

[0072] In this example, the optimal primer concentrations will be determined for the 
measurement of the ratio between mitochondrial RNA and chromosomal DNA. 

[0073] The ratios of mitochondrial RNA target and chromosomal DNA target in two 
healthy individuals were analyzed in this example. Nucleic acid isolated from PBMC with the 
Boom method 16 was used as input for the one-tube real-time duplex-NASBA that measures both 
mitochondrial RNA and chromosomal DNA. The reaction mix (duplex-mix) contained two sets 
of primers and beacons that were tested at two different concentrations: SnrpD pi and SnrpD2 
p2 (first primer set for chromosomal DNA, and MtR pl_4 and MtR p2_2 (second primer set for 
mitochondrial RNA) with beacons SnrpD mb_2 (FAM-labeled) and MtR mb (ROX-labeled) 
(each 0.05 |iM). See table 1 for primer and probe sequences. In this experiment primers for 
amplification of mitochondrial RNA were used at 0.4 joM and 0.2 jiM combined with 
respectively 0.05 and 0.2 jiM primer concentrations for the chromosomal DNA target 
sequence. Amplification and detection were performed as in Example 1. Filter sets of the 
fluorimeter were adapted to simultaneously measure the FAM and the ROX-label (485/20 and 
530/25 for FAM; 590/20 and 645/40 for ROX). In a duplex reaction with two competing 
amplifications, the ratio of the slope of the curves of fluorescence in time is proportional to the 
ratio of the amount of molecules of each amplified species. The results are shown in FIG. 2. 

[0074] From the results it is clear that the application of the primer concentrations as 
used in the left two panels of FIG. 2 render an interpretable result and place the dynamic range of 
the test right were the expected values for healthy individuals are. The primer concentrations 
used in the right two panels of FIG. 2 give non-interpretable results because the mitochondrial 
RNA target sequence is not amplified to detectable levels. 
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Example 4 

[0075] In this example, the optimal primer concentrations are determined for the 
measurement of the ratio between mitochondrial RNA and chromosomal DNA. 

[0076] The ratios of mitochondrial RNA target and chromosomal DNA target in two 
healthy individuals were analyzed in this example. Nucleic acid isolated from PBMC with the 
Boom method 16 was used as input for the one-tube real-time duplex-NASBA that measures both 
mitochondrial RNA and chromosomal DNA. The reaction mix (duplex-mix) contained two sets 
of primers and beacons that were tested at two different concentrations: SnrpD pi and SnrpD2 
p2 (first primer set for chromosomal DNA, and MtR pl_4 and MtR p2_2 (second primer set for 
mitochondrial RNA) with beacons SnrpD mb_2 (FAM-labeled) and MtR mb (ROX-labeled) 
(each 0.05 (iM). See Table 1 for primer and probe sequences. In this experiment, primers for 
amplification of mitochondrial RNA were used at 0.4 |iM and 0.3 jxM combined with 0.2 
primer concentrations for the chromosomal DNA target sequence. Amplification and detection 
were done in duplicate and performed as in Example 3. Filter sets of the fluorimeter were 
adapted to simultaneously measure the FAM and the ROX-label (485/20 and 530/25 for FAM; 
590/20 and 645/40 for ROX). In a duplex reaction with two competing amplifications the ratio 
of the slope of the curves of fluorescence in time is proportional to the ratio of the amount of 
molecules of each amplified species. The results are shown in FIG. 3. 

[0077] From the results, it is clear that the application of the primer concentrations as 
used in the top two panels of FIG. 3 render a clear interpretable result and place the dynamic 
range of the test right were the expected values for healthy individuals are. The primer 
concentrations used in the bottom two panels of FIG. 3 give less good results, in particular the 
bottom left panel were the mitochondrial RNA signal is flattening and becoming close to 
non-interpretable. 

Example 5 

[0078] Two HIV-1 infected patients were treated with a cocktail of anti-viral drugs and 
their mitochondrial RNA and DNA in blood cells was measured as predictor of mitochondrial 
toxicity. Blood was drawn at week 0, 4, 8, 12, 16, 24, 36 and 48 weeks after the start of therapy. 
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The blood was used to prepare peripheral blood mononuclear cells (PBMC) by Ficoll-Isopaque 
purification. PBMC were viably frozen in medium plus 5% DMSO and stored in liquid nitrogen 
or-150°C until use. 

[0079] Nucleic acids were extracted from 10 5 PBMC using the Boom method. 16 
Nucleic acids equivalent of 1,000 PBMC were used as input for the one-tube real-time 
duplex-NASBA that measures the ratio between mitochondrial RNA and chromosomal DNA as 
described in Example 4 and the NASBA that measures the ratio between mitochondrial DNA 
and chromosomal DNA as described in Example 2. The reaction mix (duplex-mix) for 
mitochondrial RNA contained two sets of primers and beacons: SnrpD pi and SnrpD2 p2 (first 
primer set for chromosomal DNA, and MtR pl_4 and MtR p2_2 (second primer set for 
mitochondrial RNA) with beacons SnrpD mb_2 (FAM-labeled) and MtR mb (ROX-labeled) 
(each 0.05 (iM). See Table 1 for primer and probe sequences. In this experiment primers for 
amplification of mitochondrial RNA were used at 0.4 jiM combined with 0.2 ^M primer 
concentrations for the chromosomal DNA target sequence. Amplification, and detection were 
done in duplicate and performed as in Example 3. The result of this assay is expressed as the 
mitochondrial RNA content per cell (i.e., PBMC) of the patient sample. The results are 
summarized in Table 3. 

[0080] The reaction mix for mitochondrial DNA (duplex-mix) contained two sets of 
primers and beacons: SnrpD PI and SnrpD2 P2 (first primer set, each 0.2 |iM), and MtD pl_2 
and MtD p2_2 (second primer set, each 0.2 jaM) with beacons SnrpD mb_2 (FAM-labeled) and 
MtD mb_2 (ROX-labeled) (each 0.05 ^M). See Table 1 for primer and probe sequences. 
Amplification, and detection were done in duplicate and performed as in Example 2. The result 
of this assay is expressed as the mitochondrial DNA content per cell (i.e., PBMC) of the patient 
sample. The results are summarized in Table 3. 

[0081] The analysis of the duplicate measurements clearly show the reproducibility and 
accuracy of the duplex test determining the ratio between mitochondrial RNA and chromosomal 
DNA as a result of optimization of the primer sequences and concentrations in the multiplex 
amplification reactions. 
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[0082] The method of the invention avoids the use of internal calibrators and/or 
separate quantifications of the nucleic acid target sequences and thereby contributes to the design 
of high throughput tests. 

Example 6 

[0083] In this example, the optimal primer concentrations are determined for the 
measurement of the ratio between TIE-1 mRNA and chromosomal DNA. 

[0084] The ratios of TIE-1 mRNA target and chromosomal DNA target in model 
systems of in vitro generated RNA and plasmids were analyzed in this example. Nucleic acid 
combinations of in vitro generated part of TIE-1 mRNA and plasmid containing a chromosomal 
target sequence were used as input for the one-tube real-time duplex-NASBA that measures both 
TIE-1 mRNA and chromosomal DNA. The reaction mix (duplex-mix) contained two sets of 
primers and beacons that were tested at two different concentrations: SnrpD pi and SnrpD2 p2 
(first primer set for chromosomal DNA, and TIE pi and TIE p2 (second primer set for TIE-1 
mRNA) with beacons SnrpD mb_2 (FAM-labeled) and TIE mb (ROX-labeled) (each 0.05 (iM). 
See Table 1 for primer and probe sequences. In this experiment, primers for amplification of 
TIE-1 mRNA were used at 0.4 and 0.3 \iM combined with 0.2 jaM primer concentrations for 
the chromosomal DNA target sequence. Amplification and detection were done in duplicate and 
performed as in Example 4. Filter sets of the fluorimeter were adapted to simultaneously 
measure the FAM and the ROX-label (485/20 and 530/25 for FAM; 590/20 and 645/40 for 
ROX). In a duplex reaction with two competing amplifications the ratio of the slope of the 
curves of fluorescence in time is proportional to the ratio of the amount of molecules of each 
amplified species. The results are shown in FIG. 4. 

[0085] From the results, it is clear that the application of the primer concentrations as 
used in the right panels of FIG. 4 render a clear interpretable result and place the dynamic range 
of the test right were the expected values for healthy individuals are. In particular in the top 3 
panels the panels on the right give a much better reflection of the initial input ratio in the ratio of 
the slopes of the signals of the probes. 
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Example 7 

[0086] In this example, the optimal primer concentrations are determined for the 
measurement of the ratio between Siglec-1 mRNA and chromosomal DNA. 

[0087] The ratios of Siglec-1 mRNA target and chromosomal DNA target in model 
systems of in vitro generated RNA and plasmids were analyzed in this example. Nucleic acid 
combinations of in vitro generated part of Siglec-1 mRNA and plasmid containing a 
chromosomal target sequence were used as input for the one-tube real-time duplex-NASBA that 
measures both Siglec-1 mRNA and chromosomal DNA. The reaction mix (duplex-mix) 
contained two sets of primers and beacons that were tested at two different concentrations: 
SnrpD pi and SnrpD2 p2 (first primer set for chromosomal DNA, and Sig pi and Sig p2 (second 
primer set for Siglec-1 mRNA) with beacons SnrpD mb_2 (FAM-labeled) and Sig mb 
(ROX-labeled) (each 0.05 ^M). See Table 1 for primer and probe sequences. In this 
experiment, primers for amplification of Siglec-1 mRNA were used at 0.4 ^iM and 0.3 jliM 
combined with 0.2 pM primer concentrations for the chromosomal DNA target sequence. 
Amplification and detection were done in duplicate and performed as in Example 4. Filter sets 
of the fluorimeter were adapted to simultaneously measure the FAM and the ROX-label (485/20 
and 530/25 for FAM; 590/20 and 645/40 for ROX). In a duplex reaction with two competing 
amplifications, the ratio of the slope of the curves of fluorescence in time is proportional to the 
ratio of the amount of molecules of each amplified species. The results are shown in FIG. 5. 

[0088] From the results, it is clear that the application of the primer concentrations as 
used in the left panels of FIG. 5 render a clear interpretable result and place the dynamic range of 
the test right were the expected values for healthy individuals are. The results in the left panel 
are non-interpretable. Other data have shown that the primer concentrations as used in the left 
panels are the most optimum primer concentrations that render the largest dynamic range and 
sensitivity. 

Example 8 

[0089] In this example, the optimal salt concentration is determined for a measurement 
of a ratio between mitochondrial RNA and chromosomal DNA. 
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[0090] At two salt (KC1) concentrations calibration curves of increasing ratios of 
mitochondrial RNA and chromosomal DNA were made. Also, the ratio of mitochondrial RNA 
target and chromosomal DNA target in one healthy individual was analyzed with amplifications 
at different salt concentrations in this example. Nucleic acid isolated from PBMC with the 
Boom method 16 was used as input for the one-tube real-time duplex-NASBA that measures both 
mitochondrial RNA and chromosomal DNA. The reaction mix (duplex-mix) contained two sets 
of primers and beacons that were tested at two different concentrations: SnrpD pi and SnrpD2 
p2 (first primer set for chromosomal DNA, and MtR pl_4 and MtR p2_2 (second primer set for 
mitochondrial RNA) with beacons SnrpD mb_2 (FAM-labeled) and MtR mb (ROX-labeled) 
(each 0.05 \iM). See Table 1 for primer and probe sequences. In this experiment, primers for 
amplification of mitochondrial RNA were used at 0.4 and 0.2 \iM combined with 
respectively 0.05 and 0.2 (iM primer concentrations for the chromosomal DNA target 
sequence. Amplification and detection were performed as in Example 1, with the exception of 
the KC1 concentration, which were, respectively, 70 or 90 mM in the amplification reaction. 
Filter sets of the fluorimeter were adapted to simultaneously measure the FAM and the 
ROX-label (485/20 and 530/25 for FAM; 590/20 and 645/40 for ROX). In a duplex reaction 
with two competing amplifications the ratio of the slope of the curves of fluorescence in time is 
proportional to the ratio of the amount of molecules of each amplified species. 

[0091] The calibration curves that were made with the different salt concentrations of 
respectively 70 and 90 mM KC1 are shown in FIG. 6. The R 2 , which is a quality measure for the 
calibration curve differs clearly between the reaction done with 70 mM (R 2 is 0.9693) and 90 
mM (R 2 is 0.9961) showing that the reactions with 90 mM give a better and more reliable 
calibration curve. 

[0092] The measurement of the ratio of mitochondrial RNA versus chromosomal DNA 
in PBMC from a healthy individual at the salt concentrations of 70 an 90 mM in the 
amplification reaction is shown in FIG. 7. Clearly from the figure it can be concluded that 
measurement of the ration is more accurate with 90 mM KC1 in the amplification reaction (right 
panel of FIG. 7), as is shown by a steeper increase in signal generation and absolute higher 
signals (notice the difference in Y-axis scales). 
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TABLES 



Table 1. Sequences of primers and probes used in the examples. 



Name 


Sequence 


MtDpl 


5' A A TTCTAA TA CGA CTCA CTA 7M GGGAG AAG AGCCGTTGAGTTGTGGTA 3' 
(SEQ ID N0:1) of the enclosed and incorporated hereby sequence listing. 


MtD p2 


5 5 TCTCCATCTATTGATGAGGGTCTTA 3 ' (SEQ ID N0:2) 


MtDpl_2 


5 ' AA TTCTAA TA CGA CTCA CTA TA GGG AAG AACCGGGCTCTGCCATCTTAA 3 ' 
(SEQIDN0:3) 


MtD p2_2 


5' GTAATCCAGGTCGGTTTCTA 3' (SEQ ID N0:4) 


MtD mb_2 


5' GGACCCCCCACACCCACCCAAGAACAGGGTCC 3' (SEQ ID NO: 5) 


SnrpDpl 


5' A A TTCTAA TA CGA CTCA CTA TA GGG AG AGGCCCGGCATGTGGTGCATAA 3' 
(SEQ ID N0:6) 


SnrpD p2 


5' TTCCTTACATCTCTCACCCGCTA 3' (SEQ ID N0:7) 


SnrpD2 p2 


5' TGCGCCTCTTTCTGGGTGTT 3' (SEQ ID N0:8) 


SnrnpD mb 2 


5' CGCATGCTGTAACCACGCACTCTCCTCGCATGCG 3' (SEQ ID NO:9) 


MtRmb 


5' GCTCCG AAGCTTCTGACTCTTACCTCCC CGGAGC 3' (SEQ ID NO: 10) 


MtRpl_4 


5 ' A A TTCTAA TA CGA CTCA CTA TA GGG AG AGGAG AC ACCTGCTAGGTGTAA 3 ' 
(SEQ ID NO: 11) 


MtR p2_2 


5' GGTGCCCCCGATATGGCGTTCC 3' (SEQ ID NO: 12) 


Sigpl 


5' A A TTCTAA TA CGA CTCA CTA TA GGG AG AGGACTGGGCCCTCAGCCTGC A 3' 
(SEQ ID NO: 13) 


Sigp2 


5' CTGAGGAGACAAGCACCATCA 3' (SEQ ID NO: 14) 


Sigmb 


5' CGTACGAATGACGTGCCCCTGCGAATCGTACG 3' (SEQ ID NO: 15) 


TIE pi 


5 ' A A TTCTAA TA CGA CTCA CTA TA GGG AAG AGCTCTCTCCTGTTGGTCCCT 3 r \ 
(SEQ ID NO: 16) 


TIE p2 


5 ■ GCATCTCTGTTCATGACTGTGTGA 3 ' (SEQ ID NO: 1 7) i 


TIEmb 


5' CGTACGCTCAACGCCAGCACGCGCTACCGTACG 3' (SEQ ID NO: 18) 



1. The T7 promoter part of primer pi sequences is shown in italics, the stem sequences of the 
molecular beacon probes are shown in bold. The molecular beacon sequences were labeled at 
the 3' end with DABCYL (the quencher) and at the 5' end with FAM or ROX (the fluorescent 
labels). 
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Table 2. Ratio between mitochondrial DNA and chromosomal DNA in PBMC of HIV-1 
infected individuals undergoing anti-viral therapy measured at different time point after the start 
of therapy. 







duplicate measurements 
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mean value 
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8 
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12 
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353 


342 




16 


380 


342 


361 




24 
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439 


415 




36 
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413 




48 


355 


431 


393 
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Table 3. Ratio between mitochondrial RNA and chromosomal DNA between mitochondrial 
DNA and chromosomal DNA in PBMC of HIV- 1 infected individuals undergoing anti-viral 
therapy measured at different time point after the start of therapy. 
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77 
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71 
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68 




week 16 
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144 


69 
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420 
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423 


412 


191 
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